Introduction
After digital mobiles, third generation (3G) technology around the world have come across to a new platform of debate among regulators and policy makers. With an optimistic view, developed countries around the world have taken the first initiative to allocate 3G spectrum for proper deployment and to meet the criteria of IMT-2000 as standardized by International Telecommunication Union (ITU). Although digital mobiles have ensured faster growth and reached toward saturation within a decade or less, but a different phenomenon is observed for 3G technologies accept Japan and Korea. Still, several important issues are unobserved and difficult to determine what factors have significant effect on next-generation mobiles. As Dippon [1] mentioned, "yet, why is the case that only two countries, Japan and Korea, have more 3G than 2G subscribers? Similarly, why do leading nations, like the U.S., U.K., and Germany, have 3G penetration rates of less than 30%?" The statements are in some extent difficult to answer, while (2007) [2] mentioned "the Japanese and later other service providers solved the first startup problem for mobile Internet (mobile Internet uses proxy for 3G) with entertainment content that was supported by a micropayment system (service providers collect and pass on content fees to content providers) and customized handset that enabled to display this content in a consistent manner, while Western service providers were slow to introduce micro-payment systems and entertainment content due to their initial focus on business users." Although the statement of Funk is backward but it provides two interesting points for mobile Internet deployment such as: entertainment content and micropayment systems. Abu [3] empirically analyzes 3G deployments in Japan and identified technological innovations such as electronic payment; high-speed access and entertainment services are important factors for the success of 3G technology. Policy issues, for example mobile number portability (MNP), pay little attention for 3G deployment. Also, 3G penetration is not only the question of quantity but also quality. Recent study on broadband gap by Vicente and Gil-de- Bernabé [4] mentioned, "How good is it? How fast? And, how fast is fast?" and identified that Japan is found to be the only country of the 42 countries studied currently prepared to deliver quality required for nextgeneration web applications over the next 3 to 5 years in order to meet Broadband Quality Score-an index that combines three key performance parameters for the quality of a connection (upload and download speeds, and latency). For instance, the same statement is applicable to 3G technology deployment in Japan and Korea. In general, technological development which is embodied in innovative functions plays significantly important roles in the growth and upheavals of the global 3G market. Particularly, development in contents, value added services which are supplied by related firms formed in the vertical structure, pricing strategies, handset developments; all these have made this small device an increasingly important part for daily life and to emerge new concepts of "Triple Play." Mobile phone usage has doubled worldwide since 2000 especially after the digitalization of the mobile network, with its first step of mobile technology development. Living standards and economic growth in developing countries are invariably linked to the availability and use of telecom services [5] . There are now approximately 4.45 billion global users for mobile communications (GSM), wideband code division multiple access-high speed packet access (W-CDMA-HSPA) subscribers worldwide [6] approaching to 90% coverage of the human population. That is a significantly faster rate of growth for mobile technology than landline service, which now totals 1.85 billion users a century after it was invented, as well as Internet service, which grew from 400 million users in 2000 to approximately 1.97 billion users by 2010. As of 2009, more than 144 countries worldwide have adopted 3G technologies with 347 W-CDMA commercial operators. Besides, 31 countries are committed to commercialize long-term evolution (LTE) with 64 LTE network providers. But the relative gaps are found in the penetration rate, handset quality and connection speeds. ITU defines mobile broadband as the speed rate of 144 Kbps in motion, while 384 Kbps at a static moment, while LTE defines beyond 3G that is supposed to provide 100 Mbps downlink and 50 Mbps uplink speed. Moreover, HSPA+ is commercialized and implemented to provide high speeds of up to 21 Mbps in Japanese largest cities and some other developed countries. To meet the criteria of ubiquitous world (u-world) and to implement always-on connection, it is widely believed that fixed broadband cannot act as a complementary tool to mobile broadband. Therefore, connectivity or access to mobile broadband is necessary. The bulk of the growth in 3G mobile phone usage came from Japan and South Korea among OECD countries. Such countries now account for more than 90% of 3G penetrations, while EU and U.S. reported around 30-40% 3G penetration as of December, 2009. The slow diffusion of 3G technology is apparent not only in EU or in the US, but it is a worldwide phenomenon. Therefore, this study empirically analyzes what factors contribute the most to determine a country's 3G diffusion pattern. The structure of the paper is as follows. Section 2 examines the previous literature related to mobile phone deployment. Section 3 addresses the digitalization of global mobile phone services and market trend followed by 2G and 3G technologies. Section 4 explains the empirical analysis followed by methodology, data sources, and empirical results. Policy implications are also discussed in this section. In Section 5 conclusions are presented with summary of the results, their implications, and discussion.
Literature Review
Several studies have focused on mobile phones diffusion patterns but the main determinants of global mobile phone diffusion are still in doubt among regulators and policy makers apart from 3G technologies. In case of pre-3G mobiles, Ahn and Lee [7] was first to undertake a cross-country modeling of DOI: 10.12948/issn14531305/18.1.2014.03 mobile services using ITU data for one year. They identified a complementary relationship between mobile phone and per capita GDP. Substitution effect between mobile and fixedtelephone was estimated by Madden and Coble-Neal [8] with ITU 1994-2000 in a lagged dependent variable model, termed by a dynamic model. They find mobile phone can be a substitute for fixed-telephone of many countries. Banerjee and Ros [9] find that technological substitution in some countries and economic substitution in others may explain differential patterns of development in global fixed and mobile telephony. A telecommunications demand model was estimated for residential mainline and mobile telephone service for developing countries for the period 1996-2003 by [5] . Their findings show that mobile phone is not substitute in the wire line market, and in fact may be considered complement. Koski and Krestchmer [10] focused on the effects of standardization through two approaches and conclude that standardization has positive but insignificant effect on the timing of initial entry of 2G services. Market-mediated standardization policy contribution to the international diffusion of digital mobile phone was investigated by [11] . A rigorous demand model is estimated using global mobile telecommunications panel dataset comprised with 51 countries classified in order to World Bank income categories by [12] . They identified that there are still many opportunities available for mobile phone development in the world propoor nations by providing better telecom infrastructure. Some researches explained penetration rates using geography and income level [13] , income alone [14] , Socio-cultural attributes and Internet and telecom use [15] or national industry structure, pricing schemes and feature availability [16, 17] . Basically, the focus of the above literatures were based on pre-3G, however, only a few previous studies empirically examined factors affect 3G take-up. Ishii [18] studied Internet use via mobile phone in Japan. Basically, he compared two major operators and their strategic plan to deploy 3G at the initial stage. He concluded that at the beginning au (KDDI) was successful because it used the same 800 MHz network and base stations to support 3G deployment. In contrast, NTTdocomo started with constructing new W-CDMA network and required to install new base stations to support 3G technology. The relationship between handset bundling and the adoption of 3G and mobile data services were investigated by [19] , using a case study, in-depth expert interviews and usage dynamics followed by an empirical framework, found that the penetration of 3G increased from about 0.5 percent to about 10 percent in one year after the handset bundling ban was lifted in April 2006. Their findings also identified that handset bundling regulation is a possible but risky tool for steering the market. Bohlin, Gruber and Koutroumpis [20] studied factors that affected the diffusion of 1G, 2G and 3G technology. They identified the positive affect of per capita income, urbanization, broadband penetration, and regulation across all generations of mobile technologies. Their findings also indicated that the diffusion of 1G boosted the adoption process of 2G networks, but 2G adoptions negatively affected 3G technologies. Therefore, 2G technologies were unaffected by the spread of 3G technologies. Okholm, Karlsen, Pedersen, and Tops [21] also studied the relationship between handset bundling and 3G technology deployment. They identified positive impact of handset bundling on 3G adoption but argued that strong conclusion is not evident due to limited data. Evolution of mobile communication and the impact of regulatory intervention on both 2G and 3G diffusion were studied by [22] . The authors identified that 3G was not considered as a new tool of services, but as a tool that would optimize their networks. They further mentioned that 3G was introduced not as a substitute for 2G but as a complement to 2G, offering multimedia services in mobile phone. The effect of technological innovations and competition policies on 3G technology de-DOI: 10.12948/issn14531305/18.1.2014.03 ployment in Japan was studied by [3] . He identified that technological innovations in entertainment, electronic payment and highspeed data services are significant determinants of 3G diffusion not only for whole market but also for major three operators in Japan. The author further examined the policy effect, such as MNP, on 3G technology in Japan and concluded with findings that MNP has more significant effect on a dominant operator, that is, NTTdocomo than small operators. Dippon [1] examined the determinants of 3G deployment rates and the effectiveness of various policy tools using several econometric models based on the 3G diffusion patterns and other attributes of 47 countries. Due to the lack of 3G spectrum allocation of 6 countries, 41 countries were included for the empirical analysis. The author disclosed that 3G penetrations could be explained by the time that passed since the deployment of the technology, mobile penetration rates, population density, market concentration, the percentage of pre-paid subscribers, and the size of the population. Further, the author mentioned that early deployment and a competitive market are keys to the mobile technology diffusion. Based on the literatures surveyed, this paper is aimed at finding the best-suited diffusion factors for 3G technologies (as a proxy for NGMN) of 19 OECD countries in order to understand the significant determinants of diffusion at a provision of economy, market size, mobile cost, telecom infrastructure, market competition, policy and technological innovation. By studying OECD 3G services using different econometric models, it is hoped to create a basis for future study of 4G launch around the world. The empirical findings show useful insights for regulators, policy makers, and operators contributing to the further development of the mobile telecommunication market at a national level, especially with respect to the future development of 4G technologies.
Evolution of Digital Mobile Network and Market Trend
The digitalization of mobile network was first introduced worldwide during the early 1990s [23] . Denmark, France, Germany launched its first digital mobile phones in 1992, while some countries launched after 2000 such as Bhutan and Colombia with the adoption of GSM or CDMA technology. Since then, mobile phone has shown remarkable growth through its 2G network until 2000. After the year 2000, most of the developed countries have demonstrated to upgrade the 2G network to 3G via its existing network and proper licensing policy to enhance competition, infrastructure development, R&D development, etc. In addition to a competitive licensing policy and speed-up diffusion that opened the market for 3G mobiles, market structure design typically entailed simultaneous entry of a relatively large number of firms, that is, the 'n+1 rule' (with n being the number of incumbent 2G mobile operators) was frequently applied to determine the number of 3G licenses [20] . Consequently, the diffusion process was generally delayed with respect to initial expectations. New technology and lack of suitable handsets associated with other equipment such as base stations to support multimedia access were difficulties in particular. According to Gruber [24] , the increase in the number of licenses might not lead to rapid diffusion of 3G mobile phone, because the envisaged market structure might not be sustainable under competitive conditions. Another problem anticipated was the high value of scarce 3G spectrum fees which consequently led to high winning bids. For instance, Madden, Saglam, and Morey [25] reported that winning bidders in the UK paid 650 Euro for each potential subscriber. In Germany, winning bidders paid 615 Euro per capita. Therefore, high spectrum prices in different countries hinder 3G diffusion.
Empirical Analysis
To examine the variables selected in the analysis, the study utilizes a secondary dataset and conducts methodologies such as: a) DOI: 10.12948/issn14531305/18.1.2014.03 linear probability model and b) panel data analysis to investigate the role of the aforementioned factors in affecting 3G diffusion in OECD countries. Models are estimated via ordinary least squares by using data for up to 19 countries depending on information available on study countries. All data are entered in log form so that coefficient estimates may be interpreted as elasticity. Table 1 and 2 provide summery statistics and study countries, respectively. 
Empirical Model and Methodology
The most widespread method of estimating models of diffusion on pooled cross-section or aggregate time-series data is to use twostage procedure that was first introduced by [26] in his seminal study on hybrid corn. In this first stage, a logistic, or some other Sshaped curve, is imposed on the data on a proportion of the adopters. The second stage consists of using a linear regression to explain the slope coefficient of the fitted curves representing diffusion in terms of various factors. In this study, we propose different econometric approaches to determine actual factors of 3G take-up. The aforementioned approaches are discussed in the following section.
Simple OLS Model
A first simple model for 3G take-up was estimated via conventional ordinary least square (OLS) using the most recent data for 41 countries by [1] . In this study, we implement the same methodology at its first stage to test the hypothesis by using simple OLS in order to identify the basic determinants of 3G deployment. The econometric specification for linear probability model is where 3G is the measure of the availability of total number of 3G subscribers in country i in time period t. The disturbance term is denoted by it  . The definition of other variables is illustrated in table 2. To meet the assumptions made for 3G take-up, Table 4 provides empirical results of the linear probability model. The fitted model indicates that CHARGE with coefficient (-0.0751) and INCOME with coefficient (0.8049), have insignificant effect on 3G deployment. Although INCOME and CHARGE were identified as significant determinants for the diffusion of 1G, 2G or both [27, 7, 10, 8, 5] , but for 3G take-up these economic variables have less than 10% significance level in our study. The estimated INCOME coefficient indicates that a small increase in current GDP per capita income results in a 0.80% increase in the growth of 3G subscription. However, the sign condition of both variables have identified significant in terms of demand function. Except economic variables and tele-density (TELEDEN), all variables have 1% and 10% significance levels for 3G deployment. For instance, the existence of mobile virtual network operator (MVNO_ext) has insignificant effect on 3G deployment. But these empirical results may have major hindrance of unobserved heterogeneity among explanatory variables, therefore, a panel data model is estimated followed by both fixed and random effect models in the following section. 
Fixed and Random Effect Models
In this estimation, both of fixed and random effect models are estimated as a special case of simple OLS. It assumes that the dataset being analyzed consists of a hierarchy of different countries used in the study whose differences relate to that hierarchy. Simply, the model specification for panel data is it dummy is a binary variable which takes either 0 or 1 ( Table 3 ). The result of the random effect model is presented in Table 5 . The Hausman test is applied to test fixed versus random effect model specifications and it is identified that ) ( 2  prob = 0.1175 mentioning (P-value>.05), therefore, the fixed effect model cannot be accepted and excluded from estimation. Although unobserved heterogeneity in variables is not identified, the random effect model ends up with several interesting findings. The results are consistent with simple OLS estimation and offer a meaningful interpretation for understanding the differences in the 3G diffusion pattern. In comparison with the simple OLS, in the random effect model, economic variables such as INCOME and CHARGE have no effect on 3G deployments in the selected countries, although the effect of having both IN-COME and CHARGE together appears to raise significant effect on 3G. The positive sign of INCOME and negative sign of CHARGE with significance level is expected for any technology diffusion. Possible explanations are as follows: (i) there exists some form of endogeneity, which leads to possible biasness in the estimated parameters and furthermore it is not possible to identify the effects of endogenous variables [28] ; and (ii) reliability of data, especially that related to prices, since various discount schemes are widely offered by all operators and those are not necessarily reflected in price data announced by them. Additionally, other variables find significant and consistent with the simple OLS estimation. Our specific goal is to test the hypothesis such as how competition policies and technological innovations affect 3G mobile phone deployment. Although, the number of obser-DOI: 10.12948/issn14531305/18.1.2014.03 vations of study country is limited but the estimation results end with a good fit. Countries with high population densities have found as significant at the 1% level both in simple OLS and random-effects model for 3G diffusion. This result is consistent with finding of [1] . The possible explanation in this case is Japan and Korea; both countries represent high population density among OECD countries. Also, countries with higher Internet penetration (INPEN100) have significant effect for 3G take-up rates. Bohlin, Gruber and Koutroumpis [20] analyzed that for all generations of mobile technology broadband/Internet penetration have positive effect. Since 3G technology means Internet and multimedia access via mobile phone, INPEN100 should be complement to 3G mobile phone. For instance, countries with advanced technology such as Japan and Korea both have high penetration of Internet as well as 3G mobile phone. The same explanation is applicable for countries with higher teledensity (TELEDEN). In terms of our findings, 2G mobile phone is complement to 3G diffusion. The result is inconsistent with [1] and [20] . Both authors identified that 2G mobile phones have insignificant effect on 3G diffusion. Two problems might exist: heterogeneity among explanatory variables and limited number of observations. But the estimation results consistent with findings of [22] . However, in some extent the finding may be applicable to ageing subscribers who use mobile phone as a tool for voice only. MNP is considered as the policy variable for 3G take-up. Since most of the research identified MNP is not possible factor for 3G diffusion, in this study, however, instead of MNP rollout, the variable categorized into twofold: first, whether number portability takes 1 day or less time, and second, whether there is any fee applies for porting the number. Among study countries, seven countries are found that MNP takes one day or less. Also, there is no charge applies for twelve countries. However, countries with lower MNP time have significant effect on 3G adoptions. This finding may be of interest to regulators and operators, because higher the days to port may hinder the subscribers to switch carrier. Besides, if any MNP charge applies subscriber may be loose of interest to switch from existing carrier to another. Both of these findings reconfirms that existence of MNP policy may not affect 3G deployment and provides further evidence to regulators and operators so that they must ensure time and fees for MNP. In the context of MNP, [3] analyzed the influence into Japanese 3G market and mentioned that except telephone number MNP does not provide other functionality such as e-mail and contents. In fact, if e-mail and contents can be ported, MNP policy may work for 3G technology. To switch from 2G to 3G technology, data transmission speed was the most essential factors for subscribers. 3G technology means multimedia facilities in mobile phones. The findings from [3] suggest that network speed is a crucial innovation for 3G subscribers in Japan who frequently browse websites to download full music, ringing tone melodies, full-access movies, and many other animated gaming sites. To promote high speed, the Ministry of Communication (MIC) encouraged operators to build high speed data services for next generation mobile phones and set up a licensing scheme in August 2004 which specified the 1.7 GHz (FDD system) and 2.0 GHz (TDD system) bands for 3G mobile phone. Moreover, [29] According to the simple OLS and randomeffects model, HSDPA has significant effect on 3G mobile phones deployment. The study countries reported HSDPA was launched from 2006 to 2007 and the average downlink speeds confirmed 3.6 Mbps. However, this study has limitations to measure the average uplink speed which is also necessary to act mobile phones to capture the concept of "triple play." Likewise, [30] reported that the average asynchronous digital subscribers line (ADSL) download speeds in OECD countries around 9 Mbps which are sufficient for a range of existing digital content services, especially for online video or music. Despite expectations regarding mobile innovations, mobile broadband speeds are lower in most of OECD countries except Japan and Korea. Therefore, high speed is necessary for 3G mobile phone and reconfirms our estimations for mobile phone innovations. Table 6 reports bandwidth requirements for selected digital content types. 3Gcomp explains if all mobile operators are provided with 3G licenses, then it takes 1, 0 otherwise. Interestingly, the variable has significant effect and confirms 'n+1 rule' by [20] . Additionally, existence of MVNO (MVNO_ext) is considered as a proxy for market competition. But this variable has insignificant effect on 3G deployment.
Policy Implications: MNP
The study presents that deployment of 3G mobile phones in OECD countries are largely depend on technological innovations, demographical factors and competition policy of mobile phone operators. Findings from empirical analysis and its implications to 4G development suggest that technological innovations such as HSDPA is an important factor to upgrade 3G technology. Still, regulators and operators of OECD countries face crucial problem of proper sizing of the 3G market. As reported, most of countries penetration rates show less than 50%, while the rollout of 3G already passed 5-9 years since its initial launch. The proper allocation of spectrum, high bandwidth, and value-added services are keys that can commonly upheaval the 3G market.
Conclusions
The paper examined 3G mobile phone adoption and diffusion growth in terms of technological innovations and policy. The empirical methods included analysis of 3G penetration and growth, econometric analysis of simple OLS and panel data models to explore coun-DOI: 10.12948/issn14531305/18.1.2014.03 try-specific drivers of diffusion growth and approaches to find influence of the selected variables. The main highlight of 3G mobile phone innovations is thus HSDPA, particularly, relate to Internet access. In the world, very few countries have been successful with the mobile Internet both for 2G and 3G services due to the lack of sound mobile network infrastructures like Japan. Wireless Access Protocol (WAP) in Europe has suffered from low transmission speeds, paucity of content and disenchanted users. Besides those, developing countries in Asia and Africa or even some parts of the U.S suffer from infrastructure to support the high speed Internet or handsets to use e-payment and entertainment services. Regulators must ensure sufficient bandwidth to operators and operators must ensure the advertised speeds to the subscribers so that 3G technology can be differentiated from 2G or 2.5G technology. This research also offers practical implications to regulators for MNP policy. The main objective of this policy implementation was to make the market more competitive. The presence of MNP or the time that has passed since the introduction of MNP is not statistically significant for 3G deployments as reported by [1] . Therefore, this research aimed at using time to port for MNP and price for MNP. Both of these issues are important to port the number. Regulators and operators should consider this and implement the policy in terms of subscribers' point of view. Currently, countries such as Europe, the US or Japan can use iPhone; innovative touch screen phone for the proper use of mobile phones in the perspective of ubiquitous characteristics. This smart phone capability subsequently needs to look at the success of using all functionality in mobile phones. It is said that the world will become the computing interface. The network will go faster, more pervasive and ubiquitous. Eventually, things are communicating with things, broadening the concept of the Web 1.0 to Web 2.0 into a literal metaphor beyond what lives in cyberspace alone. RFID, wearable computers and non-dedicated devices that can shift their function based on the context will emerge. Such computing is dominant technology and emerging concepts like triple play, virtual reality, etc that are possible via mobile phones. At the same time, relative gaps are observed not only among countries but also the country itself to support technological development such as high speeds and capacity which is promised to provide by operators. While Japan's HSDPA coverage is 100%, the US is suffering digital divides within countries. The underlying reasons should be reconsidered. But this promise of the future also holds lots of challenges for mobile network operators (MNO) comprised with infrastructure and costs. Aside from these little concerns the promise of ubiquitous computing will be realized one way or another. Penetration of 3G mobile phone is not subject to economic variables such as INCOME and CHARGE in terms of findings. Instead, the proper allocation of bandwidth and spectrum cost are key factors for 3G technology. 'n+1 rule' worked for 3G deployment, while more the operators provide 3G services more the penetration would be. The time to port the number instead of rollout of MNP has significant impact on 3G, therefore, regulators must ensure to operators the time and price for MNP to subscribers. The empirical analysis, however, reveals limitations on data, proper econometric foundation and actual impact on 3G deployment. Still, lot of debate exist on the 3G market comprised with spectrum allocation, handset bundling, and the flat-rate charge system for data communications. However, this study aims at providing simple insights and some implementations for 3G deployment with regard to technological innovation and policy. The future study is expected to cover which innovations such as electronic payment and entertainment can have strong impacts on beyond 3G or 4G. 
